Rivaroxaban was noninferior to standard therapy (noninferiority margin, 2.0; P = 0.003) for the primary efficacy outcome, with 50 events in the rivaroxaban group (2.1%) versus 44 events in the standard-therapy group (1.8%) (hazard ratio, 1.12; 95% confidence interval [CI], 0.75 to 1.68). The principal safety outcome occurred in 10.3% of patients in the rivaroxaban group and 11.4% of those in the standardtherapy group (hazard ratio, 0.90; 95% CI, 0.76 to 1.07; P = 0.23). Major bleeding was observed in 26 patients (1.1%) in the rivaroxaban group and 52 patients (2.2%) in the standard-therapy group (hazard ratio, 0.49; 95% CI, 0.31 to 0.79; P = 0.003). Rates of other adverse events were similar in the two groups.
A bs t r ac t Background A fixed-dose regimen of rivaroxaban, an oral factor Xa inhibitor, has been shown to be as effective as standard anticoagulant therapy for the treatment of deep-vein thrombosis, without the need for laboratory monitoring. This approach may also simplify the treatment of pulmonary embolism.
Methods
In a randomized, open-label, event-driven, noninferiority trial involving 4832 patients who had acute symptomatic pulmonary embolism with or without deep-vein thrombosis, we compared rivaroxaban (15 mg twice daily for 3 weeks, followed by 20 mg once daily) with standard therapy with enoxaparin followed by an adjusted-dose vitamin K antagonist for 3, 6, or 12 months. The primary efficacy outcome was symptomatic recurrent venous thromboembolism. The principal safety outcome was major or clinically relevant nonmajor bleeding. P ulmonary embolism is a common disease, with an estimated annual incidence of 70 cases per 100,000 population. 1, 2 The condition usually leads to hospitalization and may recur; it can be fatal. 3 For half a century, the standard therapy for most patients with pulmonary embolism has been the administration of heparin, overlapped and followed by a vitamin K antagonist. 4, 5 This regimen is effective but complex. [5] [6] [7] [8] [9] Recently developed oral anticoagulants that are directed against factor Xa or thrombin overcome some limitations of standard therapy, including the need for injection and for regular dose adjustments on the basis of laboratory monitoring. 5, 10, 11 Current data suggest that rivaroxaban, an oral direct inhibitor of factor Xa, is effective and safe for the prevention of venous thromboembolism after major orthopedic surgery, for the prevention of stroke in patients with atrial fibrillation, and in the treatment of acute coronary syndromes. [12] [13] [14] The EINSTEIN program evaluated the concept of using rivaroxaban alone for anticoagulant therapy for acute deep-vein thrombosis and pulmonary embolism, replacing both heparin and vitamin K antagonists. 15, 16 This single-drug approach, starting with an increased dose for 3 weeks, appeared to be successful in treating deep-vein thrombosis. Here we report the findings for this regimen in patients with pulmonary embolism.
Me thods

Study Design and Organization
The EINSTEIN-PE study was a randomized, open-label trial of the efficacy and safety of rivaroxaban as compared with standard therapy consisting of enoxaparin and a vitamin K antagonist in patients who had acute symptomatic pulmonary embolism with or without deep-vein thrombosis. The trial was sponsored by Bayer Health-Care and Janssen Pharmaceuticals.
The steering committee had final responsibility for the study design, clinical protocol, study oversight, data verification, and analyses. The protocol, which is available with the full text of this article at NEJM.org, was approved by the institutional review board at each center, and written informed consent was obtained from all patients. The trial sponsor collected and maintained all the data. A central committee whose members were unaware of the study-group assignments adjudi-cated the results of all baseline lung-imaging tests and all suspected outcome events. An independent data and safety monitoring board periodically reviewed the study outcomes. The writing committee wrote the manuscript, made the decision to submit the manuscript for publication, and vouches for the accuracy and completeness of the data as well as the fidelity of this report to the study protocol.
Patients
Patients were eligible if they were of legal age and had an acute, symptomatic pulmonary embolism with objective confirmation, with or without symptomatic deep-vein thrombosis. Patients were ineligible if they had received a therapeutic dose of low-molecular-weight heparin, fondaparinux, or unfractionated heparin for more than 48 hours or if they had received more than a single dose of a vitamin K antagonist before randomization; if thrombectomy had been performed, a vena cava filter placed, or a fibrinolytic agent administered for treatment of the current episode; or if they had any contraindication listed in the local labeling of enoxaparin, warfarin, or acenocoumarol. Other criteria for ineligibility were another indication for a vitamin K antagonist; a creatinine clearance below 30 ml per minute; clinically significant liver disease (e.g., acute hepatitis, chronic active hepatitis, or cirrhosis) or an alanine aminotransferase level that was more than three times the upper limit of the normal range; bacterial endocarditis; active bleeding or a high risk of bleeding contraindicating anticoagulant treatment; a systolic blood pressure of more than 180 mm Hg or a diastolic blood pressure of more than 110 mm Hg; childbearing potential without proper contraceptive measures, pregnancy, or breast-feeding; concomitant use of a strong inhibitor of cytochrome P-450 3A4 (CYP3A4) (e.g., a protease inhibitor for human immunodeficiency virus infection or systemic ketoconazole) or a CYP3A4 inducer (e.g., rifampin, carbamazepine, or phenytoin); participation in another experimental pharmacotherapeutic program within 30 days; or a life expectancy of less than 3 months.
Randomization and Treatment Regimens
Randomization was performed with the use of a computerized voice-response system and was stratified according to country and the intended treatment duration (3, 6, or 12 months). The intended duration of treatment was determined by the treating physician before randomization.
Patients who were assigned to the rivaroxaban group were given 15 mg twice daily for the first 3 weeks, followed by 20 mg once daily. Patients who were assigned to the standard-therapy group received enoxaparin at a dose of 1.0 mg per kilogram of body weight twice daily and either warfarin or acenocoumarol, started within 48 hours after randomization. Enoxaparin was discontinued when the international normalized ratio (INR) was 2.0 or more for 2 consecutive days and the patient had received at least 5 days of enoxaparin treatment. The dose of the vitamin K antagonist was adjusted to maintain an INR of 2.0 to 3.0. The INR was determined at least once a month.
The use of nonsteroidal antiinflammatory drugs and antiplatelet agents was discouraged. Aspirin administered at a dose of no more than 100 mg per day, clopidogrel at a dose of 75 mg per day, or both were allowed.
Surveillance and Follow-up
We followed the patients for the intended treatment period and assessed them at fixed intervals that were identical in the two study groups, using a checklist to elicit information on symptoms and signs of recurrent venous thromboembolism, bleeding, and adverse events. Patients were in-structed to report to the study center immediately if any of these symptoms or signs occurred. In the case of suspected venous thromboembolism, the protocol required objective testing.
Outcome Assessment
The primary efficacy outcome was symptomatic recurrent venous thromboembolism, which was defined as a composite of fatal or nonfatal pulmonary embolism or deep-vein thrombosis on the basis of criteria that have been described previously. 9 Death was classified as due to pulmonary embolism, bleeding, or other established diagnoses. Pulmonary embolism was considered the cause of death if there was objective documentation of the condition or if death could not be attributed to a documented cause and pulmonary embolism could not be confidently ruled out.
The principal safety outcome was clinically relevant bleeding, which was defined as a composite of major or clinically relevant nonmajor bleeding, as described previously. 9 Bleeding was defined as major if it was clinically overt and associated with a decrease in the hemoglobin level of 2.0 g per deciliter or more, if bleeding led to the transfusion of 2 or more units of red cells, or if bleeding was intracranial or retroperitoneal, occurred in another critical site, or contributed to death. Clinically relevant nonmajor bleeding was defined as overt bleeding that did not meet the criteria for major bleeding but was associated with medical intervention, unscheduled contact with a physician, interruption or discontinuation of a study drug, or discomfort or impairment of activities of daily life. 15 Predefined secondary outcomes included major bleeding, death from any cause, vascular events (acute coronary syndrome, ischemic stroke, transient ischemic attack, or systemic embolism), and net clinical benefit (which was defined as a composite of the primary efficacy outcome and ma-jor bleeding, as assessed in the intention-to-treat population).
Statistical Analysis
The study was designed as an event-driven, noninferiority study. Assuming equal efficacy of the two study treatments, we determined that 88 events would provide a power of 90% to show that rivaroxaban was noninferior to standard therapy, using a margin of 2.0 for the upper limit of the 95% confidence interval for the observed hazard ratio, with a two-sided alpha level of 0.05. The pro- tocol specified that the steering committee would stop enrollment when it was estimated that 88 events would be reached. This decision was made without knowledge of the outcomes in the two study groups. When enrollment was discontinued, patients completed their assigned treatment except for those in the 12-month stratum who completed at least 6 months of treatment. Assuming a 3% incidence of the primary efficacy outcome, we expected to enroll at least 3000 patients.
Since the rivaroxaban regimen was derived from studies involving patients who had deep-vein thrombosis without symptomatic pulmonary embolism, we included a dose-confirmation phase in which the initial 400 patients underwent repeat lung imaging at 3 weeks. An independent doseconfirmation committee reviewed the incidence of the composite outcome of symptomatic recurrent venous thromboembolism and asymptomatic deterioration on repeat lung imaging. On the basis of the prespecified criterion that the onesided 95% confidence interval for the betweengroup difference in the incidence of this outcome would not exceed 8.0%, the dose-confirmation committee recommended that the study be continued as planned. The primary efficacy analysis was performed on an intention-to-treat basis with the use of a Cox proportional-hazards model stratified according to the intended duration of treatment, with adjustment for the presence or absence of cancer at baseline. Kaplan-Meier curves were generated to display the distribution of events over time. The population for the safety analysis was defined as all patients who received at least one dose of a study drug. Bleeding events were included in the analysis if they occurred during treatment or within 2 days after the last dose of a study drug. In addition, we performed analyses of the primary efficacy and principal safety outcomes in prespecified subgroups.
The mean time during which the INR was in the therapeutic range was calculated after the discontinuation of enoxaparin, with correction for interruptions in the administration of vitamin K antagonists.
R e sult s
Patients
From March 2007 through March 2011, we enrolled 4832 patients -2419 who were assigned to receive rivaroxaban and 2413 who were assigned to receive enoxaparin and a vitamin K antagonist (standard therapy) -at 263 sites in 38 countries (Fig. 1 ). The characteristics of the patients were similar at baseline ( Table 1) .
Treatment and Follow-up
Data on treatment in the two study groups and the main reasons for premature discontinuation of treatment are shown in Table 2 . In the standardtherapy group, the median duration of enoxaparin treatment was 8 days (interquartile range, 6 to 11), and the INR at the end of enoxaparin treatment was 2.0 or more in 83% of patients. The percentage of time during which the INR was in the therapeutic range (2.0 to 3.0) was 62.7%; the corresponding percentages for an INR above 3.0 and below 2.0 were 15.5% and 21.8%. The percentage of time within the therapeutic range ranged from 57.8% (during the first month) to 72.7% (during month 11). In the rivaroxaban group, adherence to therapy was above 80% in 94.2% of patients. As a result of termination of the event-driven study, the treatment duration was less than intended in 125 patients (5.2%) in the rivaroxaban group and 132 patients (5.5%) in the standardtherapy group. A total of 8 patients (0.3%) in the rivaroxaban group and 10 patients (0.4%) in the standard-therapy group were lost to follow-up.
Clinical Outcomes
The clinical outcomes are shown in Table 3 . Recurrent nonfatal venous thromboembolism was suspected in 491 patients in the rivaroxaban group and in 453 patients in the standard-therapy group. The primary efficacy outcome occurred in 50 patients (2.1%) in the rivaroxaban group as compared with 44 patients (1.8%) in the standard-therapy group, for a hazard ratio of 1.12 (95% confidence interval [CI], 0.75 to 1.68; P = 0.003 for a onesided noninferiority margin of 2.0 and P = 0.57 for superiority). By day 21, at the end of twice-daily rivaroxaban administration, the primary efficacy outcome had occurred in 18 patients (0.7%) in the rivaroxaban group and in 21 patients (0.9%) in the standard-therapy group (Fig. 2A) . The results of the on-treatment and per-protocol analyses were similar to those of the intention-to-treat analysis, with hazard ratios of 1.12 (95% CI, 0.73 to 1.72) and 1.07 (95% CI, 0.70 to 1.63), respectively (data not shown).
The rates of recurrent venous thromboembolism among patients with anatomically limited, intermediate, or extensive pulmonary embolism at baseline were 1.6% (5 of 309 patients), 2.5% (35 of 1392), and 1.7% (10 of 597), respectively, in the rivaroxaban group and 1.3% (4 of 299), 2.2% (31 of 1424), and 1.4% (8 of 576), respectively, in the standard-therapy group.
The principal safety outcome, a first major or clinically relevant nonmajor bleeding episode, occurred in 249 patients (10.3%) in the rivaroxaban group as compared with 274 patients (11.4%) in the standard-therapy group (hazard ratio, 0.90; 95% CI, 0.76 to 1.07; P = 0.23) (Fig. 2B) . Major bleeding was observed in 26 patients (1.1%) in the rivaroxaban group and in 52 patients (2.2%) in the standard-therapy group (hazard ratio, 0.49; 95% CI, 0.31 to 0.79, P = 0.003) (Fig. 2C) .
The outcome of a net clinical benefit occurred in 83 patients (3.4%) in the rivaroxaban group and 96 patients (4.0%) in the standard-therapy group (hazard ratio, 0.85; 95% CI, 0.63 to 1.14; P = 0.28). The relative primary efficacy and principal safety outcomes across the prespecified subgroups were consistent with the observed overall effects (see the Supplementary Appendix, available at NEJM.org).
Among the patients who were included in the safety analysis, acute coronary events during treatment occurred in 15 of 2412 patients (0.6%) in the rivaroxaban group and in 21 of 2405 patients (0.9%) in the standard-therapy group. The corresponding rates in the 30-day post-study treatment period were 0.1% in both groups. Further details regarding the vascular outcomes are provided in the Supplementary Appendix.
The combination of an alanine aminotransferase level of more than three times the upper limit of the normal range and a bilirubin level of more than twice the upper limit of the normal range was observed in five patients (0.2%) in the rivaroxaban group and four (0.2%) in the standardtherapy group.
Discussion
In this study involving patients with symptomatic pulmonary embolism, oral rivaroxaban alone provided protection from recurrent venous thromboembolism that was similar to the protection provided by standard therapy, with similar bleeding rates. During a mean study duration of approximately 9 months, there was a recurrence in 2.1% of patients in the rivaroxaban group and 1.8% of those in the standard-therapy group. The primary safety outcome of major or clinically relevant nonmajor bleeding was observed in 10.3% of patients in the rivaroxaban group and 11.4% of those in the standard-therapy group, and major bleeding was observed in 1.1% and 2.2% of patients, Shown are Kaplan-Meier cumulative event rates for the primary efficacy outcome of symptomatic recurrent venous thromboembolism (P = 0.003 for noninferiority) (Panel A), for the principal safety composite outcome of major or clinically relevant nonmajor bleeding (P = 0.23) (Panel B), and for major bleeding (P = 0.003) (Panel C). respectively. Our observations are consistent with those of other trials in which rates of recurrence of thromboembolism in the standard-therapy group were 1.6 to 2.7% and the corresponding rates of major bleeding were 1.4 to 2.4%. 8, 9 In previous studies involving patients with pulmonary embolism before the advent of new compounds (idrabiotaparinux or dabigatran etexilate), low-molecular-weight heparin was used as initial therapy. 8, 17 In our study, we tested the concept of a single-drug approach with an oral compound in a large population of patients with pulmonary embolism.
B Clinically Significant Bleeding
Several aspects of this study deserve comment. We believe that our population is representative of the spectrum of patients who present with symptomatic pulmonary embolism, with the exception of those for whom fibrinolytic therapy is planned. A total of 1173 patients (nearly 25%) in our study met our definition of extensive disease, and 608 (13%) had limited pulmonary embolism. Furthermore, nearly 25% had concomitant symptomatic deep-vein thrombosis. The baseline characteristics of the patients, including the presence of risk factors, were similar to those in previous studies of pulmonary embolism. [7] [8] [9] In keeping with current practice, the duration of treatment was 3, 6, or 12 months, with most patients receiving 6 months or more of therapy.
We analyzed factors that may have influenced outcomes. Specifically, the quality of standard therapy was well within clinical acceptability, with the INR in the therapeutic range 62.7% of the time and exceeding 3.0 only 15.5% of the time. These results compare favorably with the findings in other contemporary studies of venous thromboembolism. 8, 15, 17 Adherence to the rivaroxaban regimen was high in 94% of patients. The number of patients who were lost to followup was negligible.
The suggestion that rivaroxaban can be administered at the same dose in all patients without laboratory monitoring has raised concern. Therefore, we performed multiple subgroup analyses for both efficacy and safety. Rates of recurrent venous thromboembolism and bleeding were similar in the two study groups regardless of age, sex, presence or absence of obesity, level of renal function, or extent of pulmonary embolism.
We decided to start therapy with an intensive rivaroxaban regimen (15 mg twice daily) for the first 3 weeks for two reasons. In previous stud-ies, failure to provide adequate initial therapy led to unacceptable recurrence rates. 4, 9, 18, 19 In addition, in phase 2 studies, the use of twice-daily rivaroxaban led to an earlier steady state, higher trough levels, and better thrombus regression at 3 weeks than did once-daily administration. 20, 21 In our study, the Kaplan-Meier curves for recurrence with this regimen and with standard therapy were identical. One concern about the intensified initial dose of rivaroxaban was that it could potentially increase the risk of hemorrhage. However, during the initial period, the bleeding rates were similar in the two study groups, with fewer major bleeding events in the rivaroxaban group. Furthermore, during the entire course of treatment, there were fewer episodes of intracranial bleeding or bleeding in critical areas in the rivaroxaban group than in the standard-therapy group. The explanation for this finding requires further study.
Before randomization, almost all patients received low-molecular-weight heparin, which is unavoidable in clinical trials of venous thromboembolism, since such treatment is consistent with current practice pending confirmation of the diagnosis. In nearly 60% of patients in our study, this therapy was limited to 1 day, and less than 2% of patients received more than 2 days of treatment before enrollment. It seems unlikely that this brief exposure would have significant effects on the study outcomes.
Since the study had an open design, there is a potential for a diagnostic-suspicion bias. Indeed, the absolute number of patients with suspected recurrence was higher in the rivaroxaban group, and the proportions of patients with confirmed events were similar in the two groups (10.2% in the rivaroxaban group and 9.7% in the standardtherapy group). This finding suggests that the open design may have caused a slight bias against rivaroxaban. Careful follow-up revealed similarly low rates of both acute coronary events and changes in liver-function tests in the two study groups.
Our findings in this study involving patients with pulmonary embolism, along with those of our previous evaluation involving patients with deep-vein thrombosis, 15 support the use of rivaroxaban as a single oral agent for patients with venous thromboembolism.
Supported by Bayer HealthCare and Janssen Pharmaceuticals. Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.
